Introduction: Fibroblast growth factor-2 (FGF2) is an important signalling molecule contributing to angiogenesis, tumour growth and progression and its expression is implicated in breast cancer (BC) development. We investigated whether -553 T/A FGF2 gene polymorphism is associated with the risk and progression of BC in Polish women. Material and methods: The -553 T/A polymorphism was genotyped in 230 breast cancer patients and 245 control subjects, using a polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP) approach. Moreover, FastQuant human angiogenesis array was used to measure FGF2 levels in tumour (n = 127) and serum (n = 76) samples. Results: The T/A genotypes (OR = 2.12, 95% CI: 1.20-3.74) (p = 0.08) and the combined heterozygotes T/A and homozygote A/A (OR = 2.18, 95% CI: 1.24-3.83) (p = 0.006) had an increased risk of BC. The median FGF2 levels in the tumours of A allele carriers were significantly increased compared to T/T patients, whereas in serum FGF2 levels were hardly altered among different genotype carriers. Significantly higher frequency of A allele was found in patients with lymph node metastases (OR = 2.53; 95% CI: 1.23-5.17) (p = 0.009) and human epidermal growth factor receptor 2 positive tumour (OR = 3.22, 95% CI: 1.49-6.99) (p = 0.002). Furthermore, Kaplan-Meier survival analysis showed that the A allele predicted worse disease-free survival (DFS) in BC patients. Conclusions: Our study shows for the first time that the -553 T/A FGF2 gene polymorphism may be associated with a risk of BC developing and progression in Polish women and may have prognostic value for the assessment of BC high-risk groups.
Introduction
Fibroblast growth factor-2 (FGF2 or basic FGF) is a signalling molecule involved in several physiologic processes, and the deregulation of this molecule has been associated with cancer development [1] . Fibroblast growth factor-2 binds to the extracellular domain of FGF receptors, initiating a signal transduction cascade that promotes cell proliferation, motility, and angio-genesis, which have been linked to key steps in cancer progression [2, 3] . Higher FGF2 levels have been found in the serum and urine of patients with different tumours than in healthy individuals [4] [5] [6] [7] , and in the serum of patients with metastatic disease than in those with localized disease [8, 9] . In patients with breast cancer (BC) the potential of FGF2 for diagnostic purposes [10] [11] [12] or for monitoring the clinical course of disease [13, 14] has been investigated. Some studies in BC indicated that FGF2 has been associated with a more angiogenic phenotype and poor prognosis [10, 15, 16] . In contrast, some papers have reported that elevated serum FGF2 in BC cases is associated with good prognosis [13, 17] . Another study reported that FGF2 expression is associated with the absence of lymph node metastasis, longer recurrence-free survival and overall survival [17] [18] [19] . Presented results are conflicting; therefore the prognostic value of FGF2 in primary breast carcinoma remains contentious. Most significant discrepancies were related to the studies of FGF2 serum levels, suggesting that this test is not useful as a diagnostic and prognostic factor in BC. Additionally, physiological elevation of FGF2 during normal menstruation can also influence the precise interpretation of the pathological elevation of FGF2 in pre-menopausal BC patients [20] . On the other hand, the FGF2 levels determined in nipple fluid of BC patients proved to be a high sensitivity and specificity test for the detection of BC as well as a predictive factor. However, this test is invasive and therefore less useful in BC screening programmes. For this reason, functional polymorphisms in the promoter region of the FGF2 gene, which are associated with high levels of FGF2, may turn out to be a more useful prognostic factor for BC than serum or nipple fluid levels. Especially that many associations between common single nucleotide polymorphisms (SNPs) and breast cancer risk and outcomes have been previously reported [21] [22] [23] [24] . Three single nucleotide polymorphisms of the FGF2 gene promoter have been described: a -553T/A, -834 T/A, -921 C/G [19] . The prevalence of the TA genotype was reported in proliferative diabetic retinopathy patients [25] . Additionally, the levels of FGF2 expression in serum among the patients carrying the TA genotype were elevated significantly in comparison with TT homozygotes, whereas the -834 T/A, -921 C/G polymorphisms failed to affect serum FGF2 level [26] .
The aim of our work was to investigate the influence of -553 T/A polymorphisms in the promoter region of the FGF2 gene on the occurrence and progression of BC in the Polish population.
Material and methods

Patients
This study included 230 Caucasian non-familial BC female patients, recruited at the Department of Surgical Oncology, Nicolaus Copernicus Hospital in Lodz, Poland, between 2005 and 2010, without previous history of neoplastic disease and blood transfusions. None of the BC patients received neoadjuvant therapy. The subjects were 36 to 84 years old with median age of 60.5 years. All patients had histologically confirmed primary BC (ductal breast carcinoma (n = 192) and lobular carcinoma (n = 38)). Additionally, serum samples were collected preoperatively from BC patients (n = 76) and tumour tissue samples were obtained during primary curative resection (n = 127). Women were considered postmenopausal if they had self-reported their last menstrual bleeding being at least 12 months before the reference date or had undergone a bilateral oophorectomy. A database comprising detailed clinical data regarding diagnosis and histopathological variables of invasive BC patients was created (Table I) . Clinical outcomes including overall survival (OS) and disease-free survival (DFS) were available for 102 patients. The median OS was 64.5 months and the median DFS was 59.5 (range: 7-99 months). The control population (n = 245), matched for age (median age 58.1 (from 35 to 78 years)), with no previous or concurrent malignant disease, was recruited at the same hospital. Written informed consent was obtained from all participating subjects and the study was approved by the local Ethics Committee of the Medical University of Lodz.
Blood sampling
Blood samples of all patients and controls were collected into 10 ml ethylenediaminetetraacetic acid (EDTA) tubes and stored at -70°C until use. Genomic DNA was obtained from 250 µl of whole blood using a commercially available kit according to the manufacturer's instructions (QIAamp DNA extraction kit; Qiagen, Hilden, Germany). Each DNA sample was stored at -20°C until analysis.
Additionally, BC patients' sera were obtained by peripheral venous blood collection that was carried out on the day of surgery. Blood samples were collected without anticoagulant into serum separator vacutainers and allowed to coagulate for 20 min to 30 min at room temperature. Sera were separated by centrifugation (1200x g, 10 min), and all specimens were aliquoted immediately, frozen, and stored in a -70°C freezer.
Breast tissue sampling
Breast cancer specimens of at least 100 mg were obtained from the tumour core at the time of surgery from each patient. The specimens were verified by the study pathologist to be invasive mammary carcinomas or benign breast disease. Fragments of benign lesion tumour and representative specimens with more than 70% tumour cells The -553 T/A polymorphism in the promoter region of the FGF2 gene is associated with increased breast cancer risk in Polish women from BC were then immediately shock frozen and cryopreserved (-70°C) for subsequent assay preparations. For FastQuant human angiogenesis array analysis, tissues of all specimens were homogenized in the extraction buffer (0.005 M Tris-HCl, pH 8) with addition of a cocktail of protease inhibitors (Roche Applied Science, Meylan, France) in the presence of 0.5% Triton X-100. Homogenates were centrifuged for 10 min at 13500x g. The protein concentration of supernatants was calculated by the Qubit™ Quantitation Fluorometer (Invitrogen, California, USA).
Genotyping
Genotypes of the -553 T/A polymorphism in the FGF2 promoter were determined by PCR-based BseNI restriction fragment length polymorphism [27] . The following primers were used: 5'-CTTTCT-GCGTCGTCTAATTCCAG-3' (forward primer) and 5'-CCAAAAGACGAGGGGTACAA-3' (reverse primer). BseNI digestion would cleave PCR products deriving from the A allele but not those deriving from the T allele. The polymerase chain reaction (PCR) was carried out in a MultiGene TC9600-G thermal cycler (Labnet International, Inc. Edison, NJ, U.S.A.), in a total volume of 25 µl, containing 50 ng genomic DNA, 10 pmol each primer (Eurogentec, Seraing, Belgium), 200 mM each dATP, dCTP, dGTP and dTTP (Qiagen, Hilden, Germany), 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 1.5 µl of MgCl 2 , and 1 unit of Taq polymerase (Qiagen, Hilden, Germany). The thermal cycling conditions were initial denaturation 5 min at 95°C, followed by 35 cycles of 30 s at 95°C, 30 s at 60°C and 30 s at 72°C. Polymerase chain reactionamplified DNA was digested with 2 U BseNI (Fermentas, Vilnius,. Lithuania) in a total volume of 18 µl. The solution was incubated at 37°C for 16 h. Fifteen µl aliquots of the digest were electrophoresed on an 8% horizontal polyacrylamide gel (PAGE) and visualized by ethidium bromide staining.
Evaluation of oestrogen receptors, progesterone receptors and human epidermal growth factor receptor 2 Levels of oestrogen receptors (ER), progesterone receptors (PR) and human epidermal growth factor receptor 2 (HER2) within the tumours of the cases had been determined by immunohistochemistry as part of the routine clinical practice. For immunohistochemical staining, 4-µm-thick sections cut from formalin-fixed, paraffin-embedded tissue were used. After deparaffinization in xylene and hydration in graded ethanol solutions, the sections of breast carcinoma tissue ER and PR staining were subjected to pre-treatment in a microwave oven in citrate buffer, in order to enhance antigen retrieval. The EnVision+ System-HRP (DAB) (DakoCytomation) was used for the detection of immunostainings performed with primary antibodies against ER and PR (Dako, Glostrup, Denmark). The immunostainings were performed according to the protocol described by the manufacturer. The dilutions of primary antibodies against ER and against PR were 1 : 50. All incubations with the primary antibodies were conducted at 20-25°C for ER and PR lasted 60 min. As a final step, counterstaining with haematoxylin was performed. Positive controls (antigenpositive tissue) for the immunostaining technique were used. Tumours were categorized as ER or PR positive if nuclear staining was observed in at least 10% of nuclei. The immunostaining for HER2 was performed using HercepTest ® (Dako, Glostrup, Den- 
FASTQuant® microspot assays for FGF2 quantification
A FASTQuant human angiogenesis array for angiogenesis factor quantification was run according to the manufacturer's instructions (Whatman Schleicher and Schuell, Dassel, Germany). Each kit contains glass slides arranged with 16 nitrocellulose pads on which reference markers and capture antibody for analyses in that array are dotted in triplicate using nanodot technology. The kit also includes biotinylated detection antibodies and recombinant antigen standards for generating a standard curve. The slides were imaged using a GenePix scanner (Axon, Molecular Devices, Wokingham, Berks, UK). In order to evaluate the microarray images, we customized the spot intensities comparison routines available within "The R Project For Statistical Computing" version 2.5.1 (R Foundation for Statistical Computing, http:// www.r-project.org). A log transformation of the signal from the samples permitted comparison to the standard curve to approximate the concentrations of the angiogenic molecules. The dynamic range for FGF2 was 12.2-12,500 pg/ml.
Statistical analysis
The allelic frequencies were estimated by gene counting and genotypes were scored. The χ 2 test was used to compare discrete variables, genotypic distributions and Hardy-Weinberg equilibrium. The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using a logistic regression model. T-test (for normal distribution) or Mann-Whitney test (for non-normal distribution) was used to compare each parameter between two groups. An ANOVA test was used to identify parameters that would make significant differences between more than two groups; Scheffe's test was then used to test the significance of difference in each identified parameter between any two groups. Overall survival and DFS were calculated using the Kaplan-Meier method and compared with a log-rank test at p < 0.05 level of statistical significance. Statistical analyses were performed with Statistica 8.0 PL (StatSoft Inc.).
Results
This study comprised 230 BC patients and 245 healthy controls. The FGF2 genotype distributions in BC patients and control groups were compatible with Hardy-Weinberg expectations (BC patients χ 2 = 0.37, control group χ 2 = 0.49). Associations between FGF2 polymorphisms and BC risk are shown in Table II . Major allele T homozygotes serve as the reference group, and heterozygotes and minor allele A homozygotes are separately and together compared. The FGF2 T/A genotype (OR = 2.12, 95% CI: 1.20-3.74) and the combined T/A plus A/A ge notypes (OR = 2.18, 95% CI: 1.24-3.83) had an increased risk of BC and this was statistically significant (p = 0.026).
We assessed whether the -553 T/A polymorphism was associated with various clinical parameters such as histological grade, tumour size, lymph node, ER, PR and HER2 status (Table III) . We found higher risk of metastasis development in lymph node for combined T/A-A/A genotypes (OR = 2.53; 95% CI: 1.23-5.17). Additionally, the A allele genotype was significantly associated with HER2 positive tumour (OR = 2.53, 95% CI: 1.24-5.17). No significant correlation was noted between A allele genotype and age at diagnosis, tumour grade, size, and hormonal receptors status (ER and PR). However, the frequency of the FGF2 A allele was marginally higher in ductal than lobular carcinomas. The levels of FGF2 were analysed in 127 tumour sample and 76 serum samples of the subpopulation of BC patients (Table IV) in serum FGF2 levels was found between TT and TA genotypes (comparison was made for measurable levels of FGF2 (n = 23). We also determined whether the -553 T/A polymorphism of the FGF2 gene was associated with DFS and OS of BC patients. Survival analysis showed a significantly shorter DFS for carriers of the combined T/A-A/A genotypes when compared with carriers of the T/T genotype p = 0.0119 (Figure 1 ). No statistically significant association was found between polymorphic variants of the FGF2 gene and OS of BC patients, p = 0.2116 ( Figure 2 ).
Discussion
Fibroblast growth factor-2 expression is progressively elevated during initial phases of breast tumorigenesis, and its expression is higher in cancerous breasts in comparison with adjacent normal tissues or benign ones [11, 28] . In previous studies, we have also demonstrated that the growth factor FGF2 was higher in tumour and serum samples of BC patients than in samples of benign breast disease patients [29] . These findings are in agreement with the previously reported studies, especially with regard to FGF2 levels in tissues of cancerous breasts. It was demonstrated that not only BC tumour samples, but also high-risk breasts such as previous pre-cancerous lesions (atypical ductal hyperplasia or lobular carcinoma in situ), and breasts of patients with BC family history, produce an increased amount of FGF2 compared with benign ones [11, 30] . Moreover, in an animal model of spontaneous mammary tumour progression it was demonstrated that tumours developed in a much shorter time in FGF2 wild-type female mice compared to an FGF2 knockout cohort. Additionally, there was a significant difference in tumour growth rate between FGF2 knockout mice and the FGF2 heterozygous cohort, which suggests a gene dosing effect [31] . The delay in tumour onset supports a functional role for FGF2 in mammary tumour progression and the fact that these effects are dosedependent indicates the possibility that the genetic predisposition to excessive production of FGF2 may have an association with risk of BC occurrence. In this study on the Polish population we demonstrated a significant association between -553 T/A polymorphisms and the susceptibility to BC. The -553 TA genotype has a promotive effect for BC development. Additionally, in the BC group significantly higher tumour levels of FGF2 were demonstrated in patients with the TA genotype of the -553 T/A polymorphism compared with patients with the TT wild-type genotype. We did not find a similar association in serum of these patients. These results suggest that -553 T/A polymorphism may be considered as a BC risk factor in the Polish population. To the best of our knowledge, this is the first study to examine -553 T/A FGF2 gene polymorphism in BC risk and progression. However, several genome-wide association studies have shown that the SNP located in intron 2 of the fibroblast growth factor receptor 2 gene (FGFR2) is associated with increased BC risk [32, 33] . Taken together, these results suggest that variations in genes associated with FGF2-mediated signal transduction somehow modify the BC risk.
In order to explain the involvement of FGFs in BC progression, we examined the relationship between FGF2 levels and -553 T/A polymorphism and microvessel counts, ER, HER2, tumour grade and survival of BC patients. We did not observe any correlation of serum and tumour FGF2 levels with other clinical parameters except microvessel density (MVD) of BC tissue [29] . These results and many further investigations suggest that FGF2 is not an The -553 T/A polymorphism in the promoter region of the FGF2 gene is associated with increased breast cancer risk in Polish women independent prognostic factor and the precise role of these signalling molecules in the pathogenesis and progression of breast tumour is still unclear [12, 13] . Although FGF2 was the first pro-angiogenic molecule discovered, it has numerous activities in the growth and differentiation of non-vascular cell types and now it is known that activation of angiogenesis is not the main target for FGF2 during cancer development [31] . Several studies have demonstrated lack of a relationship between tumour microvessel counts and FGF2 levels, implying no direct involvement between FGF2 and angiogenesis [30, 34] . A similar finding was reported when correlating vascular density with FGF2 mRNA [35] . Surprisingly, in our previous and one other study the FGF2 levels were inversely related to blood vessels [29, 36] . Konstantinovsky et al. suggested a role for this growth factor in mediating tumour survival rather than angiogenesis [37] . This hypothesis is supported by data which demonstrate that a subset of Bcl2 family proteins are the targets of FGF2 signalling that promotes cell survival [38] .
As we mentioned earlier, the prognostic value of FGF2 in primary BC remains controversial; higher FGF2 expression correlated with improved overall survival [17, 39] but showed no relationship with survival in other reports [34, 40] . We found no statistically significant association between polymorphic variants of the FGF2 gene and overall survival of BC patients. However, we showed that the combined T/A-A/A genotypes were associated with significantly shorter DFS. Moreover, in this work was demonstrated an increased level of FGF2 in tumour of A allele carries, and this confirms that the A allele might predict worse DFS in BC patients.
These results, as well as previous studies, show that FGF2 is an important mediator in the initial steps of BC development but its impact on cancer progression and invasion is unclear. One of the possible explanations for this role is the relationship between FGF2 and HER-2. Several studies suggests that determination of HER2 overexpression in breast cancer patients, allows for a determination of a group of patients with a worse prognosis [41] . We showed that the A allele genotype was significantly associated with HER2 positive tumour (OR = 2.53, 95% CI: 1.24-5.17). The association of the A allele driving the highest levels of FGF2 with HER2 positive tumours might be the result of FGF2's effect on HER2 gene regulation. It was found that FGF2 induced interaction between PEA3 and its response element, within the promoter region of HER2. HER2/neu promoter activity was decreased by deleting the PEA3 binding site, and was downregulated when the PEA3 binding site was mutated. The FGF2 upregulated the protein expression of PEA3 in human primary breast tumour cell cultures and this suggests that a high FGF2 level can contribute to an increase in HER-2 expression in BC cells, supporting a positive role for FGF2 in BC progression [42, 43] . Although we did not observe higher FGF2 tumour and serum levels in patients with metastases in axillary lymph nodes, we demonstrated a correlation between -553 T/A genotype and this worse prognostic factor. Recent studies have also confirmed participation of FGF2 in the formation of lymph node metastases. FGF2 treatment increased AQP3 expression and induced cultured human BC cell migration in a dose-dependent manner [44] . Additionally, it was shown that FGF2 and lymphangiogenic factors (VEGF-C) collaboratively promote angiogenesis and lymphangiogenesis in the tumour microenvironment, leading to widespread pulmonary and lymph node metastases [45] .
We did not find a significant correlation between A allele genotype and other clinical parameters: age at diagnosis, tumour grade, size, and hormonal receptor status (ER and PR). However, the frequency of the FGF2 A allele was marginally higher in ductal carcinomas than lobular carcinomas. It is an important finding because it is known that ductal carcinomas have poor prognosis. Lobular tumours are often slower growing than ductal tumours, and are more often oestrogen and progesterone receptor positive [46] .
In conclusion, we hypothesized that genetic ability to produce high levels of endogenous FGF2 could promote BC, but these findings require replication in large samples and the role of these variants needs to be clarified by functional studies. The characterization of these and other polymorphisms in the FGF2 gene may help to understand better the aetiology and development of BC, and to define risk groups to target prevention strategies.
